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Background
Maternal sex hormones in pregnancy can theoretically influence the developing foetal immune system, and modulate the subsequent development of atopic disorders. Early onset of menarche has been linked to increased oestrogen levels in adult women.
Objective
To study the association between early onset menarche in pregnant women and asthma and atopic status of their children at 7 years of age.
Methods
The Avon Longitudinal Study of Parents and Children (ALSPAC) is a longitudinal birth cohort study in which pregnant women, resident in Avon, United Kingdom were recruited on the basis of an expected date of delivery between 1 st April 1991 and 31 st December 1992. Maternal age at menarche was assessed from prenatal questionnaires administered to the women. Clinical outcomes in the children were based on mothers' responses to self-completion questionnaires and included asthma, eczema and hay fever. The child's atopic status was objectively assessed by skin prick tests to a panel of common aeroallergens in children at the age of 7 years. Analyses used multivariable logistic regression with inclusion of a diverse range of possible confounders.
Results
Complete data were available on 5765 woman and child pairs. The prevalence of ever-reported asthma to 7 years was 20.4%, eczema 58.6%, hay fever 12.1% and atopy (defined as any positive (>2mm weal) response) was present in 20.6%. There were no significant differences in mean age of menarche comparing mothers of children with and without each of the primary outcomes. Adjusted odds ratios [95% CI] for the latest age of menarche (16+ years) compared with the lowest (<12 years) reference group were, for asthma 1. 41 
Introduction
Asthma and allergy in childhood are disorders of important public health concern(1, 2). The prevalence of asthma and allergy has risen in many industrialised countries and the reasons for this increase are still unexplained (3) (4) (5) (6) . Change in the environment coupled with individual susceptibility may explain some of these changes. Recently, considerable interest has been generated about the role of early life factors that may influence the subsequent development of atopy. In particular, exposure of the immature foetal immune system to excessive maternal oestrogen has been postulated to be associated with the subsequent development of atopy in the offspring (7, 8) . Xu et al have demonstrated in a Finnish birth cohort that early age of maternal menarche, a surrogate marker for persistently elevated levels of oestrogen, was associated with higher prevalence of atopy among their offspring at the age of 31 years (9) . However, outcome assessment at a long interval may be confounded by many factors that are operating during this time. Further evidence of an effect of age of menarche on atopic outcomes came from a large epidemiological study in Denmark, in which early onset menarche was associated with an increased risk of allergic rhinitis in adult women (10) . However, a recent case control study in 129 asthmatic children, did not demonstrate any association between maternal sex hormones in early pregnancy and the onset of allergic diseases in early childhood (11) .With this background, we have examined whether atopy and allergic diseases are more prevalent in children from a contemporary birth cohort whose mothers experienced early onset of menarche.
Methods
The Avon Longitudinal Study of Parents and Children (ALSPAC) is a longitudinal birth cohort study of the determinants of development, health, and disease during childhood and beyond. Pregnant women were recruited to the study on the basis of an expected date of delivery between 1 st April 1991 and 31 st December 1992, and residence in one of the three Bristol based health districts of Avon in the south west of England. This study has been described elsewhere (12) , and more information can be obtained from the study website (http://www.alspac.bris.ac.uk). In brief, a total of 14 541 women were enrolled during pregnancy, resulting in 14 062 live births (of whom 7272 (51.7%) were male and 6790 (48.3%) were female). Of these, 13 971 children survived to one year. It was estimated that 85-90% of eligible mothers were enrolled in the study. Data were collected from questionnaires completed by the parents, medical records, biological samples and regular physical and psychological examinations. Pregnant women participating in the study completed four questionnaires during their pregnancy. Postnatally, questionnaires relating to the child were administered at 1, 6, 15, 18, 24, 30 months and at 6 monthly intervals thereafter, and to the study mothers and their partners on an annual basis. From 7 years of age onwards the entire ALSPAC cohort has been invited to attend annual research clinics for detailed physical and psychological observations. Approximately 8000 children from the total population attended (~58%). The ALSPAC study has approval from the local research ethics committees covering the study area (United Bristol Healthcare NHS Trust & North Bristol NHS Trust).
Questionnaire-based data
In one of the prenatal questionnaires, the study women were asked how old they were when they started their periods. Space was provided for a numeric response with the option of reporting they had not had periods or that they could not remember.
At the age of 91 months, mothers were asked to report if a doctor had ever diagnosed their child to have asthma. Eczema was based on positive responses to a question about dry, itchy rash in the joints or creases sent to mothers annually from 6 months to 81 months and a positive response to a question at 81 months and 91 months about eczema in the previous 12 months. All positive responses were grouped as 'ever' eczema. Children were classified as having had hay fever if their mothers responded positively to questions about pollen allergy at 54 months and 81 months or to their child having hay fever in the past 12 months at 81 months and 91 months. Positive responses were grouped as 'ever' hay fever.
Child's atopic status
At the 7-year research clinic, children underwent skin prick testing against a panel of commercial aeroallergen extracts (ALK-Abelló, Horshølm, Denmark) to which the UK population is commonly sensitised, histamine 1% positive control and diluent negative control. The testing was performed by a team of 11 staff who were trained in the technique by an allergy nurse specialist. Briefly, a drop of allergen extract was placed on the skin and pricked through with a sterile lancet. A different lancet was used for each allergen. The skin was then gently blotted dry taking care not to contaminate adjacent skin prick sites. Responses were assessed after 20 minutes by measuring the largest weal diameter and the diameter perpendicular to this. Atopy was defined as a mean weal diameter of >2 mm to one or more of cat, mixed grass and house dust group.bmj.com on June 16, 2017 -Published by http://thorax.bmj.com/ Downloaded from mite (Der pI) with a zero response to the negative control to minimise false positives. The intertester performance was evaluated by comparing positive (1% histamine) weal sizes.
Potential confounding factors
Information on maternal age at delivery and season of birth of the child was collected from clinical records. Maternal pre-pregnancy body mass index (BMI) from self-reported height and weight, parity and history of allergies was obtained from self-report questionnaires administered during pregnancy. Maternal highest educational attainment and maternal smoking during pregnancy were also ascertained from questionnaires during the study pregnancy. The child's BMI was measured during the same clinic that the allergy tests were performed.
Statistical methods
All statistical analyses were carried out using SPSS for Windows (version 10.0.0). Univariable analyses of the association between maternal age at menarche and atopy in the children were carried out using contingency tables and chi-square tests for heterogeneity and linear trend. Multivariable logistic regression models were used to evaluate the association between maternal age at menarche (independent variable) and atopy in the children (dependent variable), whilst accounting for a number of potentially important confounding variables: sex of the child, maternal age at delivery (< 20 years; 20-24 years; 25-30 years; 31-35 years; 35 years+), prepregnancy maternal BMI (obese/non-obese), maternal education (5 point scale ranging from none/minimal to university degree), maternal parity (0, 1, 2+), smoking during pregnancy (No of cigarettes per day), maternal history of allergy (yes/no) and child's BMI (quintiles), birth weight (quintiles) and month of birth (January-December). As a significant difference was detected between skin testers' histamine responses, tester was included as an independent variable in analyses of atopic status. The likelihood ratio statistic was used to determine levels of significance.
Results
Complete data were available on 5765 women and child pairs. The cumulative percentage of women reporting menarche with increasing age in this sample did not differ significantly from the whole ALSPAC cohort (12) . Forty one percent of women reported reaching menarche before their 13 th birthday and 98.7% had reached menarche by their 17 th birthday. Table 1 shows the cumulative prevalence of each outcome and the distribution according to maternal age at menarche. To age 7 years, the prevalence of asthma ever was 20.4 %, eczema had been reported at least once in 58.6%, hay fever was reported in 12.1% and 20.6% of the population had atopy as defined by a positive skin prick test response at 7 years. No significant trend in maternal age at menarche was evident for any of the outcomes considered. Also in Table  1 , the mean age of menarche (considered as a continuous variable) was not significantly different between mothers whose children had the outcome and those who did not. For doctor-diagnosed asthma, a higher proportion of mothers reported later menarche (16+ years) than at other ages (Chi 2 , p=0.01), although this did not reflect a consistent trend across age categories (p (trend) >0.5).
Tables 2a-d demonstrate the results of multivariable logistic regression analyses for each of the primary outcomes in turn. Adjusted odds ratios were derived from multivariable models that included confounding variables that were statistically (p<0.05) significantly associated with the outcome of interest in univariable analyses (Data not shown -available on request). The results did not differ when all possible confounders were included in the final model, so only the former analyses are shown here. Confounders that were included in the adjusted analyses are given at the foot of each table.
There were no statistically significant associations between maternal age at menarche and atopy, eczema or hay fever in their children by 7 years of age. A statistically significant association was observed for doctor-diagnosed asthma and increased age of menarche (OR 1.41 [1.00, 1.99] for menarche onset at 16+ years compared with the reference population (menarche (<12 years), p=0.03), that persisted after adjusting for possible confounders.
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Discussion
Our study demonstrates that in a well-characterised contemporary birth cohort, the offspring of mothers who had early onset of menarche did not develop asthma, eczema, hayfever or atopy (as measured by skin prick tests) during childhood more than infants of mothers with normal/late onset of menarche. The strengths of the present study were in the detailed classification of exposures, objective assessment of outcome variables, contemporary cohort of young children and inclusion of a wide range of confounding variables. The change in the internal hormonal milieu associated with puberty and the personal use of contraceptives, may theoretically modify the eventual expression of atopy in an individual. Moreover, smoking may be independently associated with asthma like symptoms. Nevertheless, as we assessed atopy at the age of 7.5 years, this was unlikely to be confounded by such potential effect modifiers. The weaknesses were with self-reporting of asthma, eczema and hay fever along with the age of maternal menarche and maternal contraceptive usage, thereby potentially introducing bias. Nonetheless, the question was answered before the outcomes were assessed. Therefore, the response of women will not be influenced by knowledge of the outcome of the child. Furthermore, since atopy was assessed without the prior knowledge of maternal menarchal status, it is hard to envisage that this may have influenced our study.
Although we have not demonstrated a positive association between the age of onset of maternal menarche and the development of atopy in their offspring, there is biological plausibility for the relation of age of menarche with atopic outcomes. Early menarche has been linked to higher oestrogen levels, decreased serum sex hormone binding globulin that persists in adulthood and is an independent risk factor for breast cancer (13) (14) (15) (16) (17) . Epidemiological studies have demonstrated a link between early menarche and intrauterine growth retardation in the offspring (18) . Pregnancy is associated with strong skewing towards Th-2 immunity and is thought to be secondary to evolutionary adaptation aimed at protecting the foetoplacental unit (19, 20) . Experimental evidence has suggested that a high maternal oestrogen status in pregnancy may be involved in foetal immunomodulation in favour of atopy by thymic atrophy(21), skewing towards a Th2 response (22) , inhibition of T cell transmigration(23) and enhanced histamine release, mechanisms that may induce long lasting alterations in the T cell mediated immune responses in the offspring (24) . Considerable methodological differences exist between this study and previous reports. Xu et al objectively assessed atopy in 5188 adults at 31 years of age (9) . Their primary findings were that late onset of maternal menarche [beyond 16 years] was associated with a lower prevalence of atopy in these adult subjects, an effect that persisted mainly in women after being adjusted for potential confounders. No such observation was associated with asthma. The present study suggests a positive association with late menarche in mothers and asthma in their children, but only for those mothers with menarche onset at 16 years or later. This finding was not consistent across age categories and no significant difference in mean age of menarche was demonstrated in mothers whose children developed asthma and those who did not. Therefore, this one finding remains unexplained, is not consistent with the results of other analyses and may represent a spurious observation.
Xu and others also reported a reduction in the mean age at menarche between the two generations studied from 14.1 years in mothers to 12.9 years in daughters, and that the age at menarche of mother and daughter were significantly correlated. Daughter's age at menarche was however, not significantly associated with atopy although, like their mothers there was a trend. However, this advancement in the age of menarche is in contrast with recent observation in British teenagers, where no such advancement was observed (25, 26) . Furthermore, the long time interval between exposure and assessment of outcome may have led to unrecognised confounding that bias the results in favour of atopy. In addition, potential confounders that include the effect of smoking, puberty, personal contraceptive use and prolonged exposure to allergens may also have skewed the results in favour of a positive outcome.
In contrast, a contemporary Danish studied involved a large number of participants but lacked objective outcome measures, as data was obtained by telephone interviews (10) . Principal findings were that, women who had menarche before 12 years of age had higher likelihood of developing allergic rhinitis with a significant trend. Nevertheless, cross-sectional nature of the study makes interpretation of a causal relationship difficult.
Conclusion
In a contemporary birth cohort of prepubertal children, no association was demonstrated between the maternal age at menarche and asthma, hay fever, eczema or atopy in their offspring. 
